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ABSTRACT 

The au tho r s  r e p o r t  i n  t h i s  memorandum on t h e i r  

LRV n a v i g a t i o n  a c t i v i t i e s  a t  Bellcomm d u r i n g  t h e  Apollo 15  

l u n a r  EVA'S when they  w e r e  suppor t ing  MSFC. Alignment 

headings  w e r e  computed u s i n g  Bellcomm nomograms, and u s i n g  

Bellcomm's UNIVAC 1108, an a n a l y s i s  of t h e  new second traverse 

w a s  c a r r i e d  o u t  t o  de te rmine  t h e  l o c a t i o n  of s t o p s  a t  which 

rea l ignments  would have been necessary .  It  w a s  concluded 

t h a t  t h e  gyro v i r t u a l l y  d i d  not  d r i f t  and t h a t  t h e  system 

performed very  w e l l .  
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Upon t h e  r e q u e s t  of E. C.  Smi th  of MSFC who w a s  
r e s p o n s i b l e  f o r  computat ional  suppor t  t o  Mission Con t ro l  
Center  Houston (MCCH) on t h e  LRV Navigat ion (NAV) System, 
t h e  au thors  monitored t h e  luna r  s u r f a c e  a c t i v i t i e s  of t h e  
Apollo 15  a s t r o n a u t s  and s tood  by t o  perform new t r a v e r s e  
ana lyses .  Such ana lyses  would have been necessa ry  i n  order 
t o  determine t h e  new p o i n t s  on a l tered t r a v e r s e s  a t  which 
t h e  a s t r o n a u t s  would have t o  r e a l i g n  t h e  NAV system gyro i n  
o r d e r  to keep t h e  NAV system p o s i t i o n  error under 600  meters. 
I n  order t o  estimate t h e  gyro d r i f t ,  a necessary  parameter  
i n  t h e  a n a l y s i s ,  t h e  a u t h o r s  a l s o  performed t h e  rea l ignment  
computation us ing  data r ead  by t h e  a s t r o n a u t s  and t h e  nomo- 
grams prepared  by W. G.  Heffron and F. LaPiana of B e l l c o m m  
(Reference 1). 

The au tho r s  were equipped wi th  1:25,000 photographic  
maps of  t h e  l and ing  sites. The dimension of t h e  g r i d  on these 
maps was 1 c m  which r ep resen ted  250 meters. The g r i d  l i n e s  
w e r e  marked v e r t i c a l l y  by le t ters  and h o r i z o n t a l l y  by numbers. 
The a s t r o n a u t s ,  MCCH and E .  C. S m i t h  used i d e n t i c a l  maps. A 
new traverse would have been i n d i c a t e d  by e i ther  E.  C.  Smith 
o r  by J. W. Head of Bellcomm who s a t  i n  t h e  Surface  Opera t ions  
Room a t  MCCH. The t r a v e r s e  would have been o u t l i n e d  by t h e  
c o o r d i n a t e s  of t he  p o i n t s  a t  which s t r a i g h t  l i n e s  approximating 
t h e  t r a v e r s e  would i n t e r s e c t  and by t h e  t i m e  s p e n t  a t  t h e  
v a r i o u s  s t a t i o n s .  A t r a n s p a r e n t  ove r l ay  of p o l a r  coord ina te s  
whose o r i g i n  would have been a t  t h e  LM would have g r a p h i c a l l y  
t ransformed t h e  Car t e s i an  coord ina te s  of t h o s e  p o i n t s  i n t o  
range  and azimuth which were the  s u i t a b l e  i n p u t s  t o  the computer 
program. A Date1 t e r m i n a l ,  connected t o  Bellcomm's 1 1 0 8  
computer, w a s  ready t o  execute  t h e  re a1 ignmen t planning  
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The f i r s t  a c t i v i t y  a t  Bellcomm s t a r t e d  an hour  
before t h e  l and ing  on t h e  evening of J u l y  30. I t  t e rmina ted  
about  an hour a f te r  t h e  s t and ing  EVA when t h e  l and ing  p o i n t  
w a s  t e n t a t i v e l y  i d e n t i f i e d  and i t  w a s  concluded t h a t  there 
would be no change i n  t h e  f i r s t  t r a v e r s e .  This  had been 
e s t a b l i s h e d  through E. C .  Smith and J. W.  Head. 

The a c t i v i t y  a t  Bellcomm on J u l y  31 star ted a t  
8:OO a . m .  (EDT).  The LRV NAV system i n i t i a l  a l ignment  occur red  
a t  about  11:OO a . m .  The a s t r o n a u t s  r ead  t h e  fo l lowing  d a t a :  

P = 0.0  ( P i t c h )  

R = -1.0 ( R o l l )  

D = 0 .0  (Sun D i a l  Device r e a d i n g )  . 

The computed headings were 

HB = 279.4O (Computed a t  Bellcomm) 

= 279.413' (Computed a t  MSFC) HM 

= 279.0' (Read t o  t h e  As t ronau t s )  . HA 

As recommended, t h e  a s t r o n a u t s  r e a l i g n e d  t h e  gyro 
a t  s t a t i o n  #2 a t  about  12:lO p.m. and read 

The c 

P = 0.0' 

R = 8.0' 

D = 1 .0 '  

H = 280.0' 

i ted headings w e r e  

HB = 282.15 

HM = 281.913 

( I n d i c a t e d  heading)  
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S ince  t h e  d i f f e r e n c e  between t h e  i n d i c a t e d  and computed 
heading w a s  o n l y  2 O ,  no c o r r e c t i o n  w a s  g iven  t o  t h e  astro- 
n a u t s .  The a s t r o n a u t s  l e f t  t h e  LRV and r e t u r n e d  48 minutes  
l a t e r  and s t i l l  r ead  a heading of 280.0'. These r e s u l t s  
gave rise t o  t h e  conclus ion  t h a t  t h e  gyro v i r t u a l l y  d i d  n o t  
d r i f t  and t h e  d i f f e r e n c e  between t h e  i n d i c a t e d  and c a l c u l a t e d  
headings a t  1 2 : l O  p.m. w a s  e n t i r e l y  due t o  alignment errors. 

Before t h e  beginning o f  t h e  second t r a v e r s e ,  
J. W. Head and E. C. Smith advised t h e  a u t h o r s  of a new 
second traverse. I f  indeed the  gyro  had no d r i f t ,  t h i s  
would n o t  have r e q u i r e d  any a c t i o n .  Assuming a worse case 
o f  3.5O/h gyro  d r i f t ,  t h e  new second t r a v e r s e  w a s  run on 
t h e  UNIVAC 1108 and it w a s  found t h a t  no rea l ignment  w a s  
r e q u i r e d  i f  w e  allowed 800 meters e r r o r  a t  t h e  end of t h e  
traverse. This r e s u l t  w a s  r e l ayed  t o  MSFC where t h e  secondary 
t e a m ,  t h a t  i s ,  t h e  team which manned t h e  consoles  between 
t r a v e r s e s ,  r an  t h e  new t r a v e r s e  us ing  Bellcomm's program and 
came also t o  t h e  conclus ion  t h a t  no rea l ignment  w a s  necessary .  

The i n i t i a l  al ignment f o r  t h e  second t r a v e r s e  took 
p l a c e  on August 1 a t  8:45 a . m .  The d a t a  r ead  by t h e  astro- 
n a u t s  w e r e  

P = - l . o o  

D = 0.75' . 
The computed headings w e r e  

HB = 283.88O 

HM = 283.95O 

HA = 283.0° . 

N o t e  t h a t  t h e  heading read  t o  t h e  a s t r o n a u t s  w a s  e r roneous ly  
rounded t o  283.0' r a t h e r  than 284.0O. A t  about  11:05 a . m .  
rea l ignment  d a t a  r ead  by t h e  a s t r o n a u t s  a t  Spur Center  w e r e  
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P = -3.0' 

R = 5.0' 

D = -4.0 '  

H = 290.0'  . 

The computed headings were 

HB = 293.35 

HM = 293.2 . 

N o t e  t h a t  about  1' of  t h e  d i f f e r e n c e  between t h e  i n d i c a t e d  
and t h e  computed heading angles  w a s  induced by r ead ing  a 
wrong heading angle  t o  t h e  a s t r o n a u t s  d u r i n g  t h e  i n i t i a l  
al ignment.  Approximately 45 minutes l a te r  t h e  a s t r o n a u t s  
came back t o  t h e  LRV and again r ead  a heading ang le  of 
290.0° which, similar t o  t h e  r e s u l t  of Traverse  1, i n d i c a t e d  
t h a t  t h e  gyro had v i r t u a l l y  no d r i f t .  A t  t h a t  p o i n t  MCCH 
asked t h e  a s t r o n a u t s  t o  torque t h e  gyro t o  a heading of 
293.0°, which they  d i d .  

The t h i r d  traverse w a s  very  uneven t fu l  as f a r  as 
t h e  NAV System w a s  concerned. It  s t a r t e d  wi th  an i n i t i a l  
a l ignment .  The r ead ings  were 

P = -2.0' 

R = -2.0' 

D = -0.5' I 

and t h e  computed headings w e r e  

HB = 291.4 '  

HM = 291.6 '  

= 292.0 '  . HA 
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N o  a d d i t i o n a l  a l ignment  was c a r r i e d  o u t  on t h i s  t r a v e r s e .  
Th i s  ended o u r  a c t i v i t i e s  du r ing  t h e  Apollo 15  EVA'S.  

CONCLUSIONS 

The a u t h o r s  have concluded t h a t  i t  w i l l  be a 
u s e f u l  p r a c t i c e  f o r  MCCH t o  compare t h e i r  a l ignment  computa- 
t i o n  wi th  MCC/NAV Support  (Blucker)  and MSFC (Smi th)  be fo re  
r ead ing  a heading ang le  t o  t h e  a s t r o n a u t s ;  t h a t  the use o f  
t h e  nomograms y i e l d s  a c c u r a t e  r e s u l t s ;  t h a t  t h e  gyro v i r t u a l l y  
d i d  n o t  d r i f t ;  t h a t  t h e  heading e r r o r s  were al ignment  errors; 
and t h a t  t h e  LRV NAV system performed very  w e l l .  

2031-mC-jf IYB 

I .  Y. Bar - I t zhack  
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